
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



mm 



(19) World Intellectual Property Organization 
International Bureau 

(43) Internationa] Publication Date (10) International Publication Number 

31 May 2001 (31.05.2001) PCT WO 01/37982 Al 

(51) International Patent Classification 7 : BOM 8/06, North Yorkshire Y07 4HD (GB). DAVIES, Raymond 

C01B 3/38 [GB/GB]; 9 Limpton Gale, Yarm, Stockton on Tees, 

Cleveland TS15 9JA (GB). FARNELL, Peter, William, 

(21) International Application Number: PCT/GBOQ/04127 Farnell [GB/GB]; 9 Riverslea, Stokesley, North Yorkshire 

TS9 5DE (GB). 

(22) International Filing Date: 27 October 2000 (27. 10.2000) m A 

(74) Agents: GRATWICK, Christopher et al.; Synetix Intel - 

_„ _. 9 lectual Property Department, Belasis Avenue, P.O. Box 1, 

(25) Filing Language: English Billingham, Cleveland TS23 1LB (GB). 

(26) Publication Language: English (81) Designated States (national): AU, BR, CA, IN, JP, KP, 

NO, RU, US. 

(30) Priority Data: 

9927817.8 26 November 1999 (26.11.1999) GB (84) Designated States (regional): European patent (AT, BE, 

CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, 

(71) Applicant (for all designated States except US): IM- NL, PT, SE). 
PERIAL CHEMICAL INDUSTRIES PLC [GB/GB]; 

Imperial Chemical House, Millbank, London SW1P 3JF Published: 

(GB). — With international search report. 

(72) Inventors; and For two-letter codes and other abbreviations, refer to the "Guid- 
(75) Inventors/Applicants (for US only): CREWDSON, once Notes on Codes and Abbreviations "appearing at the begin- 

Bernard, John [GB/GB]; Maple Dene, Maunby, Thirsk, ning of each regular issue of the PCT Gazette. 



(54) Title: STEAM REFORMING APPARATUS 




(57) Abstract: A reformer tube, for a steam 
reformer, having a double-tube configuration with an 
outer tube (10) of substantially circular cross section 
and an inner tube (15) of non-circular cross section 
disposed within the outer tube (10). 



WO 01/37982 PCT/GB00/04127 



Steam reforming apparatus 

This invention relates to steam reforming apparatus and in particular to the design of 
steam reforming tubes. 

In the steam reforming process a process gas, i.e. a mixture of a hydrocarbon feedstock 
5 and steam, and in some cases also carbon dioxide, is passed at an elevated pressure through 
catalyst-filled tubes which are externally heated by means of a suitable heating medium, 
generally a hot gas mixture. The catalyst is normally in the form of shaped units, e.g. cylinders, 
rings, saddles, and cylinders having a plurality of through holes, and are typically formed from a 
refractory support material e.g. alumina, calcium aluminate cement, magnesia or zirconia 

1 0 impregnated with a suitable catalytically active material which is often nickel or ruthenium. 

In one form of reformer design, the reformer tubes are of a double-tube design, having 
an outer tube and a concentric inner tube thus providing a space between the inner and outer 
tubes. The catalyst units are disposed in this space, normally random packed as a result of 
pouring the catalyst units into the space from one end. In this arrangement, the outer tube is 

1 5 often closed at one end and the process gas passes through the space between the interior 
surface of the outer tube and the exterior surface of the inner tube, and then returns through 
the inner tube. An example of such a construction is described in US 4 690 690. The tubes 
normally have a circular cross-section and have a length of several metres, e.g. 5 to 15 m, and 
the outer tube typically has an outer diameter in the range 7 to 20 cm. The tubes are generally 

20 disposed vertically. In operation the tubes are heated to a high temperature, typically to a 
maximum temperature in the range 700°C to 900°C by a suitable medium flowing past the 
exterior of the outer tubes. This heating necessarily means that the tubes are subject to 
considerable thermal expansion, both longitudinally and radially, as the tubes are heated from 
ambient temperature at which the catalyst is normally loaded and the operating temperature 

25 and likewise to thermal contraction as the tube is cooled upon shut down of the process. The 
thermal expansion permits the catalyst units to settle down the space between the tubes and 
subsequent contraction, particularly that in the radial direction, subjects the catalyst units to 
severe crushing forces, often leading to catalyst breakage. 

The circular cross-section of the outer tubes is dictated by the need for the tubes to 

30 withstand a substantial pressure differential between the pressure of the process gas within the 
tubes and the pressure of the heating medium. For example in many applications, the heating 
medium is at a pressure in the range 1 to 4 bar abs. while the process gas may be at a 
pressure in the range 20 to 80 bar abs. While this pressure differential may be decreased if the 
pressure of the heating medium is increased, for example where the heating medium is the 

35 process gas after further treatment, e.g. secondary reforming as described in the aforesaid 
US 4 690 690, there is still liable to be a pressure differential of several bar between the 
process gas and the heating medium. 

On the other hand, where the process gas passes through the catalyst and then back 
through the inner tube, the pressure differential across the walls of the inner tube can be 
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relatively small and so the inner tube can be made from relatively light gauge material. We 
have now realised that because the inner tube does not have to withstand such large 
mechanical stresses as the outer tube, it need not be of circular cross-section and indeed 
advantages may result from the use of a non-circular cross-section. 
5 Accordingly the present invention provides a reformer tube of the double-tube 

configuration having an outer tube of substantially circular cross-section and an inner tube 
disposed within the outer tube, said inner tube having a non-circular cross-section. 

The invention also provides the use in a double-tube reformer of an inner tube having a 
non-circular cross-section. 

10 As a result of the use of an inner tube of non-circular cross-section, the inner tube is 

more capable, than a tube of circular cross-section, of local deflection and so can deflect to 
accommodate settled catalyst units, thereby decreasing the crushing forces to which the 
catalyst units are subject 

One consequence of the use of an inner tube of non-circular cross-section within an 

1 5 outer tube of circular cross-section is that the width of the space between the tubes varies 
round the perimeter of the reformer tube, leading to differing radial depths of catalyst in this 
space. However, calculation has shown that such a variation in the depth of the catalyst space 
has negligible effect on the degree of reforming that will occur. 

The cross-section of the inner tubes is non-circular in particular the maximum cross- 

20 sectional dimension of the inner tubes is at least 1 .2, and preferably at least 1 .4, times the 

minimum dimension. The cross-section is preferably polygonal, particularly a regular polygon 
having 3 to 6 sides, preferably 4 to 5 sides. While the sides of the polygon may be straight, so 
that the cross-sections are those of e.g. an equilateral triangle, square, regular pentagon or 
hexagon, the sides of the polygon are preferably inwardly curved. The curve may be an arc of 

25 a circle or in particular is in the form of a catenary (hyperbolic cosine curve). In a preferred 
arrangement, the inner tube is formed by welding, e.g. by electrical resistance or laser seam 
welding, together the edges of metal strips of substantially uniform thickness that are curved 
across their width. The strips are preferably relatively thin; thus the maximum thickness of the 
walls of the inner tube, i.e. at the seam-welded edges in the aforesaid form of construction, is 

30 preferably less than 5% of the maximum cross-section dimension of the inner tube. 

The invention is illustrated by the accompanying drawings wherein Figure 1 is a 
diagrammatic section of a double-tube reformer tube assembly and Figure 2 is a section along 
line II -II of Figure 1. 

The reformer tube assembly comprises an outer reformer tube 10 of circular cross- 

35 section, closed at its lower end 1 1 , and suspended from a tube-sheet 12. Surrounding tube 10 
for the major part of its length is a sheath tube 1 3, also of circular cross-section, open at both 
ends and suspended from a second tube-sheet 14 beneath tube sheet 12. 

Disposed within tube 10 is an inner tube 15 open at its lower end and having a non- 
circular cross-section. Tube 15 is made by seam-welding together the long edges of four 
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elongated strips of metal 16a, 16b, 16c and 16d, each having a substantially uniform thickness 
but curved across its width so that the outer surface of the welded structure has an inwardly 
curved, i.e. concave, cross-section. The upper end 17 of tube 15 is flared to a circular cross- 
section, for ease of connection to a process gas outlet conduit (not shown). 
5 At the lower end of outer tube 10 is disposed a perforate mesh 18 (not shown in 

Figure 2) which serves as a restraint for the catalyst units. 

In use shaped catalyst units, e.g. pellets or rings, are charged to the space 19 above 
mesh 18 between the inner surface 20 of the outer tube 10 and the exterior, inwardly curved, 
surface 21 of inner tube 1 5. Process gas, e.g. a mixture of natural gas and steam, is fed to the 

10 space above tube-sheet 12 and passes down through the catalyst-filled space 19, where it 
undergoes reforming. The reformed process gas passes through mesh 18 and flows up 
through the space 22 inside inner tube 15 and leaves the reformer tube assembly at the top of 
tube 15 via the process gas outlet conduit (not shown). 

To provide the heat required for the endothermic reforming reaction, a heating gas is 

15 supplied to the exterior of the lower end 1 1 of tube 10 and passes up through the space 23 
between the inner surface 24 of the sheath tube 13 and the outer surface 25 of tube 1 0. This 
heating gas then leaves sheath tube 1 3 at the upper end thereof and is collected from the 
space between tube-sheets 12 and 14. 

In use the concave sides of the inner tube are able to reduce their radius of curvature 

20 under force from the catalyst units much more easily, i.e. at much lower force, than if the inner 
tube has a circular cross-section. By equilibrium this results in a lower reaction force on the 
catalyst units and thus the catalyst units are less liable to breakage. As a result the inner tube 
becomes progressively inwardly deformed with each expansion/contraction cycle resulting from 
heating and cooling the assembly. However the resulting decrease in the cross-sectional area 

25 of the inner tube has no significant detrimental effect on the gas flow through the inner tube. 
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Claims . 

1. A reformer tube of the double-tube configuration having an outer tube of substantially 
circular cross-section and an inner tube disposed within the outer tube, said inner tube 
having a non-circular cross-section. 

2. A reformer tube according to claim 1 wherein the inner tube has a maximum cross- 
sectional dimension that is at least 1.2 times the cross-sectional minimum dimension. 

3. A reformer tube according to claim 1 or claim 2 wherein the inner tube has a polygonal 
cross-section. 

4. A reformer tube according to claim 3 wherein the polygon has 4 or 5 sides. 

5. A reformer tube according to claim 3 or claim 4 wherein the sides of the polygon are 
concave. 

6. A reformer tube according to any one of claims 3 to 5 wherein the inner tube comprises a 
plurality of metal strips of substantially uniform thickness seam-welded together along 
their edges. 

7. A reformer tube according to any one of claims 1 to 6 wherein the maximum thickness of 
the walls of the inner tube is less than 5% of the maximum dimension of the inner tube. 

8. A double-tube reformer including reformer tubes according to any one of claims 1 to 7 
having shaped catalyst units randomly packed in the space between the inner and outer 
tubes. 



9. 



The use in a double-tube reformer of an inner tube of non-circular cross-section. 
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